We describe a technique for determining nickel in serum by flameless atomic absorption, with use of dimethyiglyoxime. The procedure permits a greater number of analyses per technician at a relatively low cost, yet provides acceptable accuracy and reliability. After the sample is evaporated and dry ashed ina muffle furnace at 560 #{176}C for 5 h,the residual salts are dissolved in hydrochloric acid (1 mol/liter). Sodium citrate and dimethylglyoxlme are thenadded for complexation of iron and nickel, respectively. The pH is adjusted to 9 with ammonia and the nickel dimethyiglyoxime is extracted with methyl isobutyl ketone. The determination is carried out by injecting 50 il of the organic phase into the graphite furnace, where the sample is dried at 120 #{176}C and ashed at 1200 #{176}C, respectively. 
Nickel has been determined in biological materials such as human blood and urine by spectrophotometry (1) (2) (3) , emission spectrometry (4-7), x-ray fluorescence spectrometry (8) , and atomic absorption spectrophotometry (9) (10) (11) .
Except in the case of emission spectrometry, the very low concentrations of nickel in human blood and the consequent relatively high matrix interferences have made it necessary to include a separation or a preconcentration step, if the required sensitivity, precision, and accuracy are to be attained.
The spectrophotometric method described by Cluett and Yoe (1) consists of wet ashing a 10-ml blood sample with nitric acid and hydrogen peroxide. After the sample is completely ashed, the nitric acid is decomposed with hydrochloric acid, followed by removal of iron and copper with an anion-exchange resin, Dowex-1. Lead, which also interferes in the final determination of nickel, is adsorbed on a column of calcium carbonate. Finally, nickel is extracted as the diethyldithiocarbamate complex into isoamyl alcohol and the intensity of the color is measured spectrophotometrically.
By this method, the average concentration of nickel in blood from eight patients was 41 tg/liter. Sunderman (3) described a spectrophotometric method that consists of acid digestion of 20 ml of serum and selective extraction of nickel as the dimethylglyoxime complex at alkaline pH. The nickel dimethylglyoxime is converted to the diethyldithiocarbamate complex, which is extracted into isoamyl alcohol. The absorbance is measured as the difference between the maximum and the mean absorbances at two background wavelengths. The reported average concentration of nickel in serum was 22 tg of Ni per liter.
Niedermeier et al. (6) analyzed several cellular elements in serum by emission spectrometry.
The method consists of acid digestion of 2 ml of serum followed by transfer of aliquots to graphite electrodes.
Standards are prepared in a matrix solution having a composition closely approximating that of normal human serum. The mean value reported for nickel was 40 irg/liter of serum.
The flame atomic absorption method described by Schaller et a!. (9) consists of trichloroacetic acid precipitation of protein from 10 ml of whole blood or plasma samples. Nickel in the supernatant fraction is converted to the pyrrolidinedithiocarbamate complex, which is extracted into methyl isobutyl ketone. After centrifugation, the nickel in the organic phase is determined by ordinary flame atomic absorption method. The mean nickel concentration in plasma was reported to be 21 ± 0.9 tg of Ni per liter.
Nomoto and Sunderman (10) , using the same method (9) with some modifications, were able to improve the sensitivity of the method, and their results for the atomic absorption method were decreased about 10-fold as compared to previously reported values for nickel in whole blood and serum. The nickel concentration in normal serum was reported to vary between 1.1 to 4.5 ig of Ni per liter, with a mean value of 2.6 g.
Here, we describe a procedure for determining nickel in plasma and urine by flameless atomic absorption. During the course of the investigation we realized that in spite of its good sensitivity, the flameless atomic absorption method also has its limitations, as for instance in connection with direct determination of ultra trace elements in salt solutions. Even with a Deuterium Background Corrector, we could not obtain reproducible results for nickel by direct injection of plasma into the graphite tube, probably because of the presence of residual salts in the graphite tube even after it was heated at 2800 #{176}C before the next injection of sample. A separation or a preconcentration step was therefore required before nickel could be determined in whole blood, plasma, or urine. As mentioned, nickel may be extracted as the diethyldithiocarbamate or pyrrolidinedithiocarbamate complex into methyl isobutyl ketone or as the dimethylglyoxime complex. However, the dithiocarbamate is a group reagent and extracts most of the heavy elements (iron, copper, lead, zinc, nickel, cobalt, and others). In contrast, dimethylglyoxime is a selective reagent for nickel.
We also examined the ammonium pyrrolidinedithiocarbamate method as described by Schaller et al. (9) as a possible procedure for determining nickel in blood and urine samples by flameless atomic absorption. However, instead of precipitating the proteins with trichloroacetic acid, we dry-ashed the samples, because Sprague and Slavin (11) found that nickel, in the presence of trichloroacetic acid, could not be extracted from urine into methyl isobutyl ketone with ammonium pyrrolidinedithiocarbamate.
Our results corresponded well with those obtained with the dimethylglyoxime method; however, the last method was chosen, and is described here, because of its selectivity toward nickel. After the atomization step, the graphite tube is allowed to cool to room temperature before the next sample is injected.
Materials and Methods

Instrumentation
Reagents
All reagents were "super-pure"
grade (E. Merck, Darmstadt, Germany), except as indicated.
Doubly-distilled water
(quartz apparatus). Ethanol, purified by redistillation.
Purification of Dimethylglyoxime
Because the sodium salt of dimethylglyoxime gave a high blank, it was purified by recrystallization. Two grams of the salt was dissolved in 500 ml of doublydistilled water. The slightly soluble dimethylglyoxime in acidic solution was precipitated by addition of 25 ml of concentrated hydrochloric acid. The precipitate was separated by filtration and washed with water. The reagent was prepared from this by dissolving 1 g of the purified compound in 100 ml of ethanol.
Sampling of Human Blood and Urine
Whole blood (10 ml) was sampled by workers at the Centre, with use of "Vacutainer" tubes and "Vacutainer" stainless-steel needles (Becton-Dickinson & Co., Rutherford, N. J. 07070). To date, over 500 healthy employees have been tested, a total of 1200 analyses. Samples of urine were also collected at the Health Centre from the same workers.
Extraction of Nickel
Very small amounts of nickel, as the dimethylglyoxime complex, are conveniently extracted into chlo- the useful lifetime of the deuterium lamp is short, it is advantageous that the method can be used without the Corrector in routine analysis.
Nickel dimethylglyoxime is quantitatively extracted into methyl isobutyl ketone in two extractions. Table 1 lists the recorder deflections for nickel standard solutions containing 10, 20, and 40 g of Ni per liter, which were extracted twice with 1, 2, and 3 ml of methyl isobutyl ketone, respectively. Figure 1 shows the corresponding recorder deflections. Because of the extremely low concentration of nickel in blood samples and the limited volumes of samples available, it is important to obtain a high peak-to-background ratio. This is achieved here by working with the smallest practicable volume of solvent, in this case one or two extractions with 1 ml of methyl isobutyl ketone (Table 1) . To test if any nickel was lost during dry ashing at 560 #{176}C, nickel-supplemented plasma samples were taken through the complete procedure and compared with nickel extracted from water standards.
Recovery of nickel at the higher temperatures was good (Table 2) .
Procedure for Plasma
Collect the 10-ml blood sample in a heparmnized glass tube, centrifuge, and transfer 3 ml of plasma to a 10-ml quartz crucible. Carefully evaporate the sample on a hot plate and then ash it at 560 #{176}C for 5 h in the sample, this time to near dryness, on the hot plate, to remove most of the hydrochloric acid. Add 3 ml of water, two drops of the ammonium citrate solution, and 200 Ml of the dimethylglyoxime reagent, to complex the iron and nickel, respectively.
After adjusting of the pH to 9 with ammonia, transfer the sample from the crucible to a 10-ml centrifuge tube and add 1 ml of methyl isobutyl ketone. Shake the mixture for 2 mm, centrifuge at 750 X g for 2 mm to separate the two phases. Aspirate the organic layer with a glass pipet into a 5-ml glass tube and again extract the aqueous layer with 1 ml of methyl isobutyl ketone and add this extract to the first one. 
Procedure for Whole Blood and Urine
Exactly the same sample volumes and the same procedure described for plasma are used to determine nickel in whole blood and urine.
Preparation of Calibration Curves
Serum.
Calibration
curves were prepared from aqueous nickel standard samples and from nickelsupplemented serum samples. The two curves, separated by the nickel content of the serum samples, are shown in Figure 2 . The stock solution was prepared by dissolving 0.1 g of electrolytic nickel in 10 ml of nitric acid, followed by dilution to 1 liter, giving a solution of 100 mg/liter. Working standards were prepared by adding 10, 20, and 40 ig of Ni per liter to 3-ml serum samples.
Urine.
Calibration curves for nickel in urine were prepared by adding 20, 50, and 100 g of Ni per liter to 3-mi urine samples. After the samples were taken through the complete procedure, the Ni-dimethylglyoxime complex was extracted twice into 3 ml of methyl isobutyl ketone. The recorder deflections are shown in Figure 3 , and the corresponding calibration curve in Figure 4 .
Curve 2 in Figure 4 shows the calibration curve for the same concentrations of nickel from water standard solutions, where the Ni-dimethylglyoxime complex was extracted twice into 3 ml of methyl isobutyl ketone. Values we found for nickel in urine are higher than those reported by Nomoto and Sunderman (10) (2.3 ag/liter), but agree with earlier reported values for nickel in urine.
Results
Normal
values. Table 3 lists results obtained for nickel in whole blood, plasma, and urine from eight healthy persons living in Kristiansand South, Norway, who had no direct contact with the nickel refinery. Plasmas A, B, and C from the same persons were taken at 14-day intervals and analyzed at the time collected. This also gives an idea of the between-day precision of the method, if it is assumed that the nickel content in the blood does not change apprecia-
Healthy Adults
The value of 2.6 ag/liter for nickel in serum re- 
